Abstract
sizes reaching the accumulation mode particle size. The decreased number concentration of coarse 23 mode particles during the dew formation could be due to enhanced wet deposition. 24 to precipitation is evident, the effect of dew formation on atmospheric aerosols has not been yet 38 evaluated sufficiently to be understood. 39
Introduction
The wet deposition is divided into in-cloud and below-cloud scavenging processes (Chate, 2005 ; 40 Seinfeld and Pandis, 2006) . Cloud droplets can encapsulate aerosols in-clouds that efficiently 41 remove fine aerosols with high solubility (Chang et al., 1987; Seinfeld and Pandis, 2006) . It is 42 believed that below-cloud scavenging, which is an aerosol washout process by precipitation, is an 43 efficient removal process for coarse mode aerosols (Bae et al., 2012). In general, below-cloud 44 scavenging is mainly affected by rain droplet size distributions, terminal velocity of the rain 45 droplets, precipitation intensity and aerosols size distributions (Scott, 1982 ; Levine and Schwartz, 46 1982) . 47 network. In the vicinity, the main source of air pollution is traffic emissions in addition to local-105 scale residential heating in the winter. The traffic source is composed of a mixture of personal cars 106 operating on gasoline engine and heavy duty and low duty transport (mini bus and pickups), which 107 are mainly equipped with diesel engines. The gasoline used in Jordan is unleaded fuel 90 and 95 108 octane whereas the diesel is not a high grade and it has high content of sulfur (e.g. Hamdi et al. ) and wind direction (16 120 sectors), and rain (0-9999 mm, resolution 0.3 mm below 1000 mm and 1 mm over 1000 mm). 121
The data logger program (Easy Weather, version 7.3) provided additional weather parameters: dew 122 point, gust, absolute and relative pressure, wind chill, and precipitation during different time periods 123 (hourly, 24 hours, weekly, monthly, and accumulated). 124 masses that arrived at the measurement site. Two-days back trajectories were calculated for each 137 hour at arrival heights 100, 500, and 1500 meters. The results for different arrival heights were 138 similar; and therefore in the subsequent analysis we considered the results for 100 meters arrival 139 height only. 140 141
Air mass back trajectories

Results and Discussion
142
First we explore the aerosol removal process by precipitation by comparing observed aerosol 143 number concentrations before the precipitation events and during rain. Then we study the effect of 144 dew formation on aerosol number concentrations during nighttime. 145 146 3.1. Aerosols removal by precipitation
147
As a starting point, the rainy days from the observation data were selected based on the 148 precipitation measurement whenever the 24-hour precipitation exceeded 10 mm (Fig. 1) during that  149 period of time. Since the precipitation events in Amman occur usually during the winter the analysis 150 was applied for that period; i.e. November through February. In total there were 38 rain days and 151
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7 141 days without rain, with corresponding aerosol and weather data were during the measurement 152
period. 153
Overall, during the precipitation days, the number concentrations of both the accumulation mode 154 and coarse mode particles are lower than what could be observed during days without rain (Fig. 2) . 155
The ratio between the average number concentrations during the rainy days and the days without 156 rain was about 0.76 and 0.36 for the accumulation mode particles and coarse mode particles, 157 correspondingly. This reduction in the number concentration in both of the particle size-fractions is 158 clearly affected by wet deposition (Seinfeld and Pandis, 2006) . 159
The decrease in the accumulation mode and coarse mode particle concentrations due to 160 precipitation was previously reported e.g. by , who showed that the effect of rain 161 scavenging is related to the rain intensity and duration in addition to the wind speed and direction. 162
According to their observations, the rainfall was most efficient at removing particles with diameter 163 ∼0.6 µm and greater than 3.5 μm. In another study by Rathnayake et al. (2017) , the authors showed 164 that bioaerosol concentrations (such as pollens, fungal spores, and Gram-negative bacterial 165 endotoxins) were efficiently reduced during the rain events. measurement probe might not discriminate adequately between aerosols and small precipitating 176 droplets or the extremely small droplets that remain in suspension in the atmosphere and therefore 177 covering longer distance during rain hours than those during hours without rain. Furthermore, 182 during rain hours, the majority of trajectories originated from the Black Sea, West Turkey, and East 183
Greece and crossing over the Eastern Mediterranean (Fig 3(a) ). These type of trajectories are 184 typically characterized as humid and have a high probability of rainfall, which washes out 185 particulate matter from the atmosphere. During hours without rain, the majority of trajectories 186 originated from North Saudi Arabia, West Iraq, and nearby the shorelines in the Eastern 187 Mediterranean (Fig 3(b) ). These types of trajectories explain the dry weather conditions and less 188 probability of rainfall during these periods of time. Furthermore, the differences in the air mass (Table 1) ; 197
Odeh et al. 2017), the median value of the relative humidity was 85% (average: 82.7 ± 9.9) and the 198 median value of the difference between the temperature and the dew point (i.e. T -DP) was about 199 2.3
• C (average: 3.0 ± 2.0); see also Table 2 . The results shown in Table 2 are based on 5-minutes 200 time-resolution of the weather conditions for those hours when the dew formation was reported. 201
Furthermore, these dew formation events were observed during the nighttime only. Therefore, it can 202 be assumed that dew formation in Amman occurs during nighttime (starts before midnight and ends 203
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9 before sunshine) with the condition RH> 80% and T -DP < 2.5
• C and an additional condition 204 precipitation = 0 mm/h. The additional condition to account for the precipitation was considered in 205 order to separate the effects of the precipitation from that of the dew formation. Therefore it was 206 assumed that the dew formation will not occur (i.e. T -DP > 5
• C) and it does not coincide with 207 RH > 80%. In a previous work by Gandhidasan et al. (2018) , the collected amount of fog water 208 harvested was significantly enhanced when the relative humidity was over 80%. 209
Our results show that the number concentration of the accumulation mode increased with increasing 210 relative humidity regardless to the difference between the temperature and the dew point (Fig. 4(a) ). 211
The average value of the accumulation mode particle number concentration was about 37 cm However, the number concentration of the coarse mode particles showed a different trend ( Fig.  218   4(b) ). During the condition of no dew formation (i.e. T -DP > 5
• C), the coarse mode particle 219 number concentration was rather constant at about 2 cm . Therefore, on average, the ratio of coarse mode particle number 228 concentration ratio during and without dew was about 0.7. Takeuchi et al. (2003) showed that dew 229
10 water dominantly associated with the coarse mode particles rather than fine particles. Indirectly this 230
indicates that the coarse mode particle scavenging might be more important for the coarse mode 231 particle than for the accumulation mode particles during the dew formation. 232
We performed air mass back trajectory analysis in a similar manner for both the dew formation 233 hours and hours without the dew formation (Fig 5) . During both cases, similar footprint areas were 234 identified. The trajectories were originated from the Eastern Mediterranean, specifically from the 235 Aegean Sea. However, they were shorter and slower the during dew formation hours than those 236 during hours without dew formation. In a sense, the aerosol sources for both cases were similar to 237 each other, but their residence times were different. 238
The results show that the increased number concentration of the accumulation mode particles 239 during dew formation conditions is likely due to enhanced water vapor condensation onto existing 240 aerosols. They might have higher content of nitrates and sulfates as their transport to the 241 observation site was slower over the Eastern Mediterranean being exposed to high emissions of 242 anthropogenic emissions from the ships as well as industrial and traffic activities in the region. The decreased number concentration of coarse mode during the dew formation conditions can be 250 due to several reasons. As a first glance, clean air masses can have a direct influence; but this is not 251 likely the case because during clean air masses the concentrations of all particle size fractions are 252 decreased. Another more probable reason is enhanced vapor condensation on the coarse mode 253 particles leading them to grow and reach even larger sizes and elevated deposition. Indeed, this 254 phenomenon of micron particle scavenging needs further investigations with more extensive 255 at the rooftop perpendicular to the street canyon. In 266 these conditions, the number concentration in the leeward side were up to a factor of 4 higher due to 267 secondary circulation. Therefore, our observations are influenced by these local meteorological 268 features but due to single observation site, their detailed effects cannot be addressed in more detail. 269 270
Conclusion
271
This study is focused on the number concentrations of accumulation mode and coarse mode 272 particles during precipitation and dew formation and we compared their differences during 273 conditions with and without rain or with and without dew formation. The analysis was based on 274 hourly processed weather data-base (temperature, dew point, relative humidity, and precipitation) 275 and particle number size distribution data-base (optical diameter 0.3-10 µm). The number 276 concentrations of accumulation mode particles (0.3-1 µm) and coarse mode particles (1-10 µm) 277 was derived by integrating the measured particle number size distribution over the specified 278 diameter range. 279
The results show that the number concentrations of both the accumulation mode and coarse mode 280 particles were lower during precipitation in comparison to the conditions than were observed during 281
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12 days without rain. The concentration ratios between the number concentration during rainy days to 282 those during days without rain was ~0.76 and ~0.36; respectively for accumulation mode and coarse 283 mode particles, indicating strong scavenging by precipitation. 284
The accumulation mode particle number concentration increased with increasing relative humidity 285 regardless to the difference between the temperature and the dew point (T -DP). On average, the 286 accumulation mode particle number concentration was two times higher during the nights with the 287 dew formation than that without. The coarse mode particle number concentration during dew 288 formation was about a factor of 0.7 in contrast to the conditions of no dew formation. 289
Most likely, the increased number concentration of accumulation mode particles during dew 290 formation conditions was due to enhanced water vapor condensation on existing ultrafine aerosol 291 particles (diameter < 0.1 µm), which might have grown to accumulation mode particle size in these 292
conditions. The decreased number concentration of coarse mode particles during the dew formation 293 could be due to enhanced vapor condensation on the coarse mode particles that they grow reaching 294 droplet sizes and removed rapidly from the atmosphere due to wet deposition. It seems feasible that 295 the aerosols can act as efficient condensation nuclei (CN) for water vapor nearby the Earth's surface 296 and remove it onto environmental surfaces as dew droplets. This phenomenon might be enhanced to 297 initiate dew formation by seeding aerosols close to the surface and thereby increase liquid water 298 accumulation e.g. for agriculture. 
21 
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List of figures captions 484 relative humidity for both cases: when the temperature and dew point difference is larger than 5
• C (i.e.
495
not favoring dew formation) and it is less than 2.5
• C (i.e. favoring dew formation). 
